The performance of a diamond double-crystal monochromator for the TROIKA II station at the ESRF was studied. Two (111) oriented diamond crystals for Bragg geometry (120 µm and 500 µm thick) were combined in a nondispersive horizontal scattering geometry and characterized in the white Troika undulator beam. The observed rocking curves were slightly broadened due to nonuniform defect distributions present in the crystals. No heat-load-induced broadening was found. The measured reflectivities compared well to the calculated values, and it was shown that a doublecrystal Bragg monochromator can replace a single-reflection Laue monochromator without loss in flux.
I. INTRODUCTION
Diamond transmission monochromators have become an attractive option for third-generation undulator beamlines. The favorable thermal and crystallographic properties of perfect diamond single crystals are well matched to both the low emittance and high heat load characteristics of the new undulator sources. A series of such x-ray transparent monochromators can use the same white beam and supply several experimental stations simultaneously with monochromatic x-rays of slightly different energies, thus multiplying the use of the undulator source. The TROIKA I beamline at ESRF 1 has pioneered the use of diamond transmission monochromators and two additional, independent branches (TROIKA II and TROIKA III) are presently under construction. Figure 1 shows a schematic layout of the beamline comprising the common optics hutch and three experimental hutches (TROIKA I, II, III). The TROIKA I station is operational and employs a single bounce transmission monochromator in horizontal scattering geometry, located at 44.2 m from the source position in the TROIKA I experimental hutch.
The end station (TROIKA III) can be equipped either with a transparent monochromator or a conventional monochromator system. The monochromator for the TROIKA II branch is located at 28.5 m from the source in the common optics hutch and will operate between 8 keV and 13 keV. In order to allow sufficient distance for focusing the monochromatic TROIKA II beam without undue occupation of experimental TROIKA beamline with three  independent branches TROIKA I, TROIKA II and TROIKA III.  (ID: insertion device, FE: front end, PS: primary slit, BPM: beam position monitor, A/S: photon absorber/shutter, SS: secondary slit).
floor space, the TROIKA II monochromator is configured as a double-crystal monochromator in nondispersive, horizontal scattering geometry. Vertical focusing could be achieved by sagittally bending a second crystal, like Ge(220), whose lattice spacing is closely matched to diamond (111). A third optical component (a meridionally focusing mirror or multilayer) is needed in order to compensate for the angular deviation of the beam caused by the residual lattice mismatch between diamond and Ge and can be used to provide horizontal focusing. 2 If diamond is chosen as the second crystal instead of Ge, one achieves intrinsically a fixed exit geometry and the monochromatic beam remains parallel to the white beam independent of the selected energy. In this case, focusing and harmonics rejection are provided by a downstream mirror system. The latter concept allows a completely modular design because focusing and monochromatization are decoupled. We will concentrate the discussion in this paper on the performance of a doublediamond monochromator.
II. EXPERIMENTAL RESULTS
Perfect (100) oriented diamond crystals allowing reflection from (111) in asymmetric Laue, (220) in symmetric Laue, and (400) in symmetric Bragg geometry have been successfully tested and are used as single-bounce transmission monochromators. 1,3 The (111) reflection provides the widest energy acceptance (see Table Ia ), but a combination of two diamonds in asymmetric Laue geometry would suffer twice from the intrinsic reflectivity limitation of the Laue geometry (50% peak reflectivity for a thick nonabsorbing crystal in symmetric Laue geometry). Furthermore, the angular acceptance ∆θ*sqrt(b) of a crystal in asymmetric Laue geometry is not equal to its angular emittance ∆θ/sqrt(b) and one has to rely in a double-crystal monochromator on a compensation of this effect by the second asymmetric Laue crystal. Here, ∆θ is the emittance in the symmetric case in horizontal scattering geometry (see Table Ib ) and b = (sinβ/sinα) is the asymmetry factor, with β and α being the angles between the crystal surface and the exit and incident beams, respectively. These limitations are intrinsic to the Laue geometry and can be overcome by using (111) oriented crystals in symmetric Bragg geometry. In order to maintain a high transmission through the first crystal for the downstream stations, it is necessary to limit the absorption in the first diamond to about 50% at 9 keV. The thickness of the first crystal must therefore not exceed 100 µm. convoluted, normalized reflectivity curves 5 of a second symmetric Bragg (111) diamond crystal with the asymmetric Laue crystal and the symmetric Bragg crystal are displayed in Figure 2c and Figure 2d , respectively. The integrated reflectivities (FWHM × Peak) are 16.7 (×10 -6 rad) for the Laue-Bragg case and 18.2 (×10 -6 rad) for the Bragg-Bragg case. The corresponding value for the single Laue crystal is 14.9 (×10 -6 rad), which is about 20% less than the reflectivity of the double-reflection Bragg monochromator. The intrinsic relative bandwidth ∆λ/λ = cotan(θ) ω is about the same in both cases. Here ω denotes the Darwin width and θ the Bragg angle. This shows that a perfect doublecrystal Bragg monochromator can replace a single-reflection Laue monochromator without loss in flux or change in intrinsic relative bandwidth.
The performance of a diamond (111) double-crystal monochromator in nondispersive setting was evaluated experimentally at the TROIKA I station. The experimental setup is sketched in Figure 3 and consists of the TROIKA I monochromator assembly (Position I) located at 44.2 m from the undulator source. The second crystal was mounted on the TROIKA I four-circle diffractometer 1 m from the monochromator (Position II). The monochromator was initially equipped with a (100) oriented diamond reflecting from the (111) planes in asymmetric Laue geometry and provided a monochromatic beam of 9 keV. The gap of the 46 mm undulator was set to 21.68 mm in order to tune the peak of the third undulator harmonic to 9 keV. Two thin synthetic diamond crystals (type Ib, typical dimension: 8 × 6 mm 2 , 120 µm thick) cut and polished along the (111) faces 6 were mounted in Bragg geometry on the diffractometer (Position II) and characterized successively by measuring their rocking curves. The calculated convoluted width (FWHM) for this Laue-Bragg arrangement is 34 µrad, and the Bragg crystal can reflect 49% of the intensity emitted by the Laue crystal (see Fig. 2c ). The measured data for the first (Bragg) crystal showed a rocking curve width of 61 µrad, which is almost twice the expected value. However when translating this crystal horizontally through a fine (200 × 200 µm 2 ) beam by an amount ∆x, the angular position of the peak changed by ∆θ indicating a bending of this crystal. The corresponding radius of curvature was R = ∆x/∆θ = 30 m, which is not useful for this monochromator application. The second crystal appeared to be miscut by about 2 degrees but was flat and showed a rocking curve width of 44.5 µrad in reasonably good agreement with the expected convoluted width of 34.8 µrad. 7 The measured ratio of the reflected intensity to the incident intensity provided by the Laue crystal was 43%. This corresponds to 88% of the calculated peak reflectivity (49%).
The corresponding integrated reflectivity (FWHM × Peak) is 19.1 (×10 -6 rad) and slightly higher than the perfect crystal value of 16.7 (×10 -6 rad). These results show that this crystal was of very good quality.
This crystal was subsequently installed in the water-cooled mounting assembly of the TROIKA I monochromator (Position I). The performance of the diamond in the white undulator beam was studied by taking double-crystal rocking curves with an asymmetric Si(220) analyzer crystal (Position II). The convoluted width (FWHM) in this arrangement for two perfect crystals is 19.3 µrad (18.8 µrad for the diamond and 4.4 µrad for the asymmetric Si(220) crystal at 9 keV). The results are shown in Figure 4 as a function of the incident beam size. For a 150 × 150 µm 2 beam, we measure a width of 21 µrad, which is very close to the theoretical value. The width increases with increasing beam size and remains constant at about 30 µrad for beam sizes above 1.5 mm 2 . Increasing the beam size by opening slits in front of the monochromator crystal not only increases the incident power (see Figure 4) but also increases the illuminated area of the crystal and therefore samples any nonuniform defect distribution that might be present in the crystal. It has been shown previously that diamonds in symmetric Laue geometry can withstand thermal loads up to 280 W total power and 3.5 kW/mm 2 heat flux without degrading the performance. 8 In order to demonstrate that the observed broadening does not arise from thermal effects, a 400 × 400 µm 2 beam was scanned over the sample, and Figure 5 24 µrad and 37 µrad. This confirms the existence of inhomogeneous defect distributions in the crystal. It also shows that the size of the almost perfect domains in the crystal is not bigger than about 150 × 150 µm 2 . The map confirms furthermore that the liquid metal (indium-gallium eutectic) mounting technique does not introduce mechanical strains, which should manifest themselves at the top and bottom parts where the crystal was mounted onto its holder. There is no indication for any heat-load-induced broadening. About 2/3 of the crystal has a width of less than twice the theoretical value. Using only this portion of the crystal is possible because only the central part of the undulator beam (1.5 mm 2 ) is used under normal operating conditions, and the rocking width of the crystal in this case is slightly less than 30 µrad. This value is perfectly matched to the source divergence of 36 µrad (horizontally) and 5.4 µrad (vertically, in 1% coupling mode).
